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Objective. To estimate associations between walkability and physical activity during transportation and
leisure in a national-level population.
Methods. Walkability was measured by Walk Score® (2012–2014) and physical activity by the Canadian
Community Health Survey (2007–2012) for urban participants who worked or attended school. Multiple linear
regression was done on the total study population, four age subgroups (12–17, 18–29, 30–64, 65+) and three
population center subgroups (1000–29,999, 30,000–99,999, 100,000+).
Results. 151,318 respondentswere examined. Comparing highest to lowestWalk Score® quintiles, covariate-
adjusted energy expenditure on transport walking [95% conﬁdence interval] was 0.17 [0.15, 0.18] kcal/kg/day
higher in the total study population, and signiﬁcantly higher in all age and population center subgroups. Leisure
physical activity was lower in the age 18–29 subgroup (−0.28 [−0.43, −0.12]) and population centers
100,000+ subgroup (−0.10 [−0.18, −0.03]), but higher in the population centers 1000–29,999 subgroup
(0.30 [0.12, 0.48]). Total physical activity was higher in the following subgroups: age 30–64 (0.19 [0.12, 0.26]),
population centers 100,000+ (0.12 [0.04, 0.19]) and population centers 1000–29,999 (0.40 [0.20, 0.59]).
Conclusions.Walkability is associatedwith transportwalking in all age groups and towns and cities of all sizes.
Walkability's inverse associations with leisure physical activity among young adults and in large population
centers may offset energy expenditure gains, while positive associations with leisure physical activity in small
centers may add to energy expenditure.
Crown Copyright © 2015 Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).Introduction
While there is general agreement on the overall health beneﬁts of
physical activity, themost effectivemeans of increasingphysical activity
behaviors are less certain (Ferrier et al., 2011). Recently, research has in-
creasingly focused on how environmental factors such as neighborhood
walkability can inﬂuence physical activity and chronic disease risk
(Sallis et al., 2005; Killingsworth et al., 2003; Van Holle et al., 2012).
Walkability is a measure of how well a neighborhood's built form
promotes walking (Riley et al., 2013; Grasser et al., 2013). It includes
components such as the proximity and diversity of utilitarianite 300, Toronto, Ontario M5G
an), laura.rosella@utoronto.ca
baum@hotmail.com
.
r Inc. This is an open access article udestinations (shops, services, workplaces, schools), an interconnected
street layout, and the proximity of green spaces and other recreational
areas.
If improved walkability is associated with increased walking for
transport, a corresponding increase in total physical activity may
also be expected. However, ﬁndings from recent systematic reviews
point to associations between certain aspects of walkability and
walking for transport, but ﬁndings have been mixed for associations
between walkability and other types of physical activity (Grasser
et al., 2013; Sugiyama et al., 2012; McCormack and Shiell, 2011;
Ding et al., 2011). Therefore, further study is needed to compare
walkability's association with transport walking and its relationship
with other types of physical activity. Considering this, our primary
objective was to examine associations between walkability and
three outcomes: transport walking, leisure physical activity, and
total physical activity. Our secondary objective was to investigate
these associations in subgroups based on age and population center
size.nder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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This cross-sectional study received ethics approval from the Ethics Review
Board at Public Health Ontario.
Study population
The study population came from the Canadian Community Health Survey
(CCHS), an ongoing cross-sectional survey administered by Statistics Canada
(Canadian Community Health Survey (CCHS) Annual component, 2009;
Canadian Community Health Survey (CCHS) Annual component, 2011;
Canadian Community Health Survey (CCHS) Annual component, 2013). The
CCHS uses a combination of computer-assisted personal interviewing and
computer-assisted telephone interviewing to collect self-reported information
on the health status and health determinants of Canadians aged 12 and older. It
uses a multistage stratiﬁed cluster design to sample from approximately 98% of
the Canadian population aged 12 and older. The remaining 2% who are excluded
from the CCHS comprise peoplewho live on Aboriginal Reserves or Crown Lands,
in institutions or certain remote regions, orwho are full-timemembers of the Ca-
nadian Forces (Canadian Community Health Survey (CCHS) Annual component,
2009; Canadian Community Health Survey (CCHS) Annual component, 2011;
Canadian Community Health Survey (CCHS) Annual component, 2013).
We combined the 2007–2012 cycles of the CCHS and restricted our study to
respondents living in urban areas according to Statistics Canada's deﬁnition: a
continuously built-up area of 1000 people or more with a population density
of 400 people/km2 or higher (Anon, 2009). We excluded rural areas because
identifying physical locations of rural postal codes is generally imprecise
(Postal CodeOM Conversion File (PCCF), Reference Guide, 2013, 2013). We
excluded CCHS respondents who reported they did not work or attend school
because the questions assessing transportation physical activity asked respon-
dents whether they walked or biked “to and from work or school” (CCHS,
2007–2008: Data Dictionary, 2009; CCHS, 2009–2010: Data Dictionary, 2011;
CCHS, 2011–2012: Data Dictionary, 2013). Consequently, the transportation
physical activity outcomes in this study were not relevant to respondents who
were not working or attending school. We applied the same eligibility criteria
across all outcomes in order to make comparisons between different outcomes
in the same population. Finally, we excluded respondents with missing data on
key variables such as the exposure of interest or primary outcomes.
Walkability measure
Previous studies have validated the Walk Score® metric as a measure of
walkability (Carr et al., 2011; Carr et al., 2010). This metric has been enhanced
to measure distances along the street network instead of using geodesic
distances; this enhanced version is the Street Smart Walk Score® metric
(Frank et al., 2013). As such, we used the Street Smart Walk Score® (hereafter
referred to simply as Walk Score®) metric to assess walkability. Unique Walk
Score® values (ranging from 0–100) were calculated for latitude and longitude
coordinates, with a higher value indicating a more walkable location (Anon,
2012). Walk Score® measured the distance along the street network to nearby
amenities, such as grocery stores, schools, and parks, with closer and more
numerous amenities resulting in higher scores. Scores were then penalized
according to street connectivity, with lower intersection density and longer
block lengths resulting in lower scores (Anon, 2012). Additional information is
available on the Walk Score® website: www.walkscore.com.
We obtained a Walk Score® value for each unique CCHS respondent postal
code. First we identiﬁed a latitude/longitude coordinate for each postal code
using the Postal Code Conversion File Plus (PCCF+) supplied by Statistics
Canada (Postal Code Conversion File (PCCF), 2013, 2013). We sent the lati-
tude/longitude coordinates to the Walk Score® developers, who provided
Walk Score® values for each coordinate, which we then merged to the CCHS
data by postal code. Walk Score® values were calculated in 2012 for all CCHS
data available at that time, and in 2014 for data from the2012 CCHS that became
available after the initial Walk Score® calculation in 2012.
Outcome measures
The primary study outcomes comprised daily energy expenditure on
three types of physical activity: transport walking, deﬁned as walking to work
or school; leisure-time physical activity, deﬁned as all physical activities for
recreation or exercise (e.g., soccer, tennis, aerobics, walking for exercise); and
total physical activity, deﬁned as the sum of transport walking, transport biking,and all leisure physical activities. Daily energy expenditure was calculated for
each activity by multiplying the self-reported frequency and time spent doing
the activity by the metabolic equivalents (METS) value assigned to the activity
(CCHS, 2007–2008: Data Dictionary, 2009; CCHS, 2009–2010: Data Dictionary,
2011; CCHS, 2011–2012: Data Dictionary, 2013). As an example, the METS value
assigned to playing basketball by the CCHSwas 6 kcal/kg/h. A respondentwho re-
ported playing basketball 20 times in the past threemonths (or 91.25 days) for an
average duration of one hour on each occasion would have the following energy
expenditure from playing basketball: (20 * 1 h * 6 kcal/kg/h) / 91.25 days =
1.3 kcal/kg/day. The energy expenditure on each leisure-time physical activity
was summed to obtain overall leisure-time physical activity. Energy expenditure
on total physical activity was the sum of energy expenditure on all leisure-time
physical activities, plus transport walking and transport cycling.
Statistical analyses
We merged Walk Score® values to CCHS data and conducted all analyses
using SAS version 9.3 (Anon, 2000–2004). We assigned CCHS respondents to
Walk Score® quintiles. We then calculated descriptive statistics on the total
study population and the population within each Walk Score® quintile. As the
CCHS used multistage stratiﬁed cluster sampling, we used the provided survey
weights to ensure that all estimates were representative of the target popula-
tion (Canadian Community Health Survey (CCHS) Annual component, 2009;
Canadian Community Health Survey (CCHS) Annual component, 2011;
Canadian Community Health Survey (CCHS) Annual component, 2013). We
calculated all reported regression models using PROC SURVEYREG and used
bootstrapping methods to calculate conﬁdence intervals (Carpenter and
Bithell, 2000).
First we estimated unadjusted associations between Walk Score® quintiles
and the three primary outcomes using survey-weighted linear regressions. We
then built multivariable linear regression models of associations betweenWalk
Score® quintiles and each physical activity outcome, adjusting for socio-
demographic variables shown to be associated with both neighborhood and
physical activity (Butler et al., 2007; Adamo et al., 2012; Seliske et al., 2012;
Ross et al., 2004).We adjusted for the following socio-demographic characteris-
tics (Table 1): age category, sex, ethnicity, immigrant status, number of children
under 12 in the household, household education, and household income
quintile. We calculated differences in energy expenditure between the lowest
Walk Score® quintile (Q1) and other quintiles with 95% conﬁdence intervals
(CI) for each outcome. We did this for all respondents, as well as four age sub-
groups (12–17, 18–29, 30–64, 65+) and three population center size subgroups
(1000–29,999, 30,000–99,999, 100,000+). For the leisure-time physical
activity outcome, we built an additional regression model with the addition of
transportwalking as an explanatory variable. Thiswas a post-hoc analysis to in-
vestigate whether associations betweenWalk Score® quintile and leisure-time
physical activity were independent of transport walking.
The regression method we used did not account for clustering, which was
a concern given that Walk Score® values were assigned to postal codes and a
single postal code can include multiple respondents. As there was very little
repetitionwithin clusters (therewas only one respondent in 75% of the included
postal codes), we anticipated clustering would have a minimal effect on
variance estimates. We explored this further with sensitivity analyses using
generalized linear models with generalized estimating equations (GEE), which
account for clustering but do not allow for bootstrapping (we used normalized
survey weights as an alternative to bootstrapping). Estimates were identical or
very close to those obtained from the linear regression models. We report
estimates from the linear regression models that accommodate bootstrapping
because these provide more accurate variance estimates given the complex
survey design and minimal amount of clustering.
Results
Study population
The average response rate for the 2007–2012 CCHS was 72.2%
(76.0% for 2007–08, 72.3% for 2009–10, 68.4% for 2011–12), yielding a
total of 361,126 respondents. 98,496 (27.3%) of these respondents
were excluded from our study because they lived in rural areas and an
additional 84,472 (32.2%) were excluded because they did not work
or attend school. 26,840 (15.1%) of eligible respondents were removed
from our analysis because they were missing data on outcomes, Walk
Table 1
Weighted study population characteristics (Canada-wide)— overall and by Walk Score®
quintile.
Variable Total Q1:
0–19
Q2:
20–36
Q3:
37–53
Q4:
54–71
Q5:
72–100
Number of
respondentsa
151,318 34,641 31,370 30,141 29,157 26,009
Age category
12 to 17 10.0 11.9 11.7 10.6 9.2 6.7
18 to 29 23.6 19.7 21.9 23.5 25.2 27.4
30 to 64 62.9 65.4 63.1 62.1 61.8 62.2
65 and up 3.5 2.9 3.3 3.8 3.8 3.8
Sex
Male 51.6 51.9 51.3 51.9 51.4 51.5
Female 48.4 48.1 48.7 48.1 48.6 48.5
Ethnicity
White 75.5 84.9 78.9 74.1 70.5 69.2
South Asian 4.5 2.7 4.5 5.3 5.7 4.4
Aboriginal 3.1 3.0 3.0 3.1 3.5 3.0
Asian 6.9 3.9 5.2 7.3 8.2 10.1
Black 2.9 1.3 2.6 3.3 3.5 3.8
Other 7.0 4.2 5.8 7.0 8.5 9.6
Immigrated to Canada
Yes 25.2 15.3 21.5 25.3 29.7 33.8
No 74.8 84.7 78.5 74.7 70.3 66.2
Highest education, household
Less than secondary school 2.9 1.9 2.4 2.8 4.0 3.6
Secondary school graduate 9.1 7.7 9.0 9.8 10.0 8.8
Some post-secondary 5.3 4.3 4.9 5.2 5.6 6.4
Post-secondary graduateb 82.7 86.2 83.8 82.2 80.4 81.2
Household incomec quintile
b24,999 18.0 11.0 14.4 17.8 21.6 25.0
24,999–38,890.99 18.7 16.1 17.9 18.9 21.0 19.6
38,891–53,031.99 18.5 19.3 19.1 19.3 18.4 16.3
53,032–74,979.99 18.3 21.2 19.9 17.9 16.6 16.0
74,980 + 19.0 24.8 20.7 18.2 15.1 16.5
Missing 7.5 7.6 7.9 7.9 7.4 6.7
Number of persons b12 years old in household
0 73.7 70.2 71.3 72.3 74.6 79.8
1 14.5 15.3 15.4 15.4 14.6 12.0
2 9.3 11.3 10.5 9.7 8.5 6.7
3 or more 2.5 3.2 2.8 2.6 2.4 1.5
Population center size classd
1,000–29,999 10.3 14.5 10.4 9.5 10.0 7.2
30,000–99,999 9.2 15.0 10.6 9.2 7.5 4.1
100,000+ 79.2 68.6 77.7 80.3 81.3 87.8
Q1 = 1st Walk Score® quintile, Q2 = 2nd Walk Score® quintile, Q3 = 3rd Walk Score®
quintile, Q4 = 4th Walk Score® quintile, and Q5 = 5th Walk Score® quintile. Numbers
that follow show range in Walk Score® values (from 2012–2014).
a Quintile sample sizes are unweighted and are unequal due to complex sampling
design of CCHS cycles 2007–2012 (Canadian Community Health Survey (CCHS) Annual
component, 2009; Canadian Community Health Survey (CCHS) Annual component,
2011; Canadian Community Health Survey (CCHS) Annual component, 2013). All other
cell numbers are weighted percentages.
b Includes people with trade certiﬁcate/diploma, college or CEGEP certiﬁcate/diploma,
university certiﬁcate/diploma below bachelor's, bachelor's degree, certiﬁcate/diploma/
degree above bachelor's.
c Household income was divided by square root of number of people in household
to adjust for differences in household size (Anon, 2010).
d Percentages may not add up to 100 due to missing values.
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151,318, representing 41.9% of all 2007–2012 CCHS respondents.
The CCHS is nationally representative, hence the socio-demographic
characteristics of the sample are similar to those of the overall Canadian
population aged 12 and older (CCHS, 2007–2008: Data Dictionary, 2009;
CCHS, 2009–2010:DataDictionary, 2011; CCHS, 2011–2012:DataDictio-
nary, 2013). As our study sample excluded rural residents and people not
working or attending school, the socio-demographics of our sample are
similar to those of the Canadian population aged 12 and older who live
in non-rural areas and work or attend school. Table 1 shows descriptivestatistics for the total study sample and for eachWalk Score®quintile. Al-
though Walk Score® quintiles were created to have equivalent sample
sizes when weighted, the quintiles do not have equal numbers of un-
weighted respondents due to the complex sampling design of the CCHS
that is taken into account when survey weights are applied (Canadian
Community Health Survey (CCHS) Annual component, 2009; Canadian
Community Health Survey (CCHS) Annual component, 2011; Canadian
Community Health Survey (CCHS) Annual component, 2013).
Transport walking
Fig. 1a shows the unadjusted and covariate-adjusted associations be-
tween Walk Score® quintiles and transport walking for all respondents.
When compared to the lowest quintile, all other quintiles showed a statis-
tically signiﬁcant positive association. The magnitude of this association
increased in each successiveWalk Score®quintile and changed onlymin-
imally after adjustment for socio-demographic covariates. Positive associ-
ations with magnitudes that increased in successive quintiles were also
observed in all age and population center size subgroups.
Leisure-time physical activity
When all respondentswere examined together, small but statistical-
ly signiﬁcant inverse associations with leisure-time physical activity
were observed when comparing the top two Walk Score® quintiles
with the bottom quintile, after adjustment for socio-demographic
covariates (Fig. 1a). However, this relationship was modiﬁed by age
and population center size. Stronger inverse associationswere observed
among respondents aged 18–29, with adjusted differences in energy
expenditure of−0.28 [95% CI−0.43,−0.12] kcal/kg/day for residents
of Q5 versus Q1 and −0.22 [95% CI −0.36, −0.07] for Q4 versus Q1
(Q2 and Q3 were non-signiﬁcant); whereas, associations were non-
signiﬁcant for all quintiles in the remaining age groups. Signiﬁcant
inverse associations were also observed in population centers of
100,000 or more, while a statistically signiﬁcant positive association
was seen in centers of 1000–29,999 (Fig. 2). Inclusion of transportwalk-
ing as an independent variable in regression models of leisure-time
physical activity did not change results in any subgroups.
Total physical activity
When all respondents were examined together, a statistically signif-
icant positive association with total physical activity was observed
when comparing the highest and lowest Walk Score® quintiles, after
adjustment for socio-demographic covariates. The adjusted difference
in energy expenditure between Q5 and Q1 was 0.14 [95% CI 0.07,
0.20] kcal/kg/day (Q2–Q4 were non-signiﬁcant). A similar pattern
emerged in the 30–64 age subgroup, with an adjusted difference be-
tween Q5 and Q1 of 0.19 [95% CI 0.12, 0.26] kcal/kg/day. Results were
non-signiﬁcant for the other quintiles among respondents aged 30–64
and for all quintiles in the remaining age subgroups. After adjustment,
positive associations with total physical activity were also observed
when comparing Q5 to Q1 in all three population center subgroups,
two of which reached statistical signiﬁcance (Fig. 3). Interestingly, in
population centers of 100,000 or more the unadjusted association was
inverse, while the adjusted association was positive.
Discussion
Results showed positive associations between Walk Score® values
and transport walking. This pattern was consistent across age and pop-
ulation center subgroups. However, we found small inverse associations
between Walk Score® values and leisure physical activity, which ap-
peared to be largely driven by respondents aged 18–29 and residents
of the largest population centers. A striking exception to this was seen
in residents of the smallest population centers, where we found a
Fig. 1.Unadjusted andadjusted difference from lowestWalk Score®quintile in energy expenditure on a) transportwalking andb) leisure-timephysical activity, all respondents (Canada-wide).
Statistically signiﬁcant estimates at p= 0.05 in bold. CI= conﬁdence interval, Q1=1stWalk Score® quintile. aEstimates adjusted for differences in age, sex, ethnicity, immigration, household
education, household income, and number of children b12 in household. Walk Score® values from 2012–2014. Remaining variables from 2007–2012 CCHS surveys.
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were positive between Walk Score® values and total physical activity
for respondents overall, those aged 30–64, and residents of the smallest
and largest population centers. Results suggest higher average levels of
transport walking in highly walkable neighborhoods are partially offset
by lower average levels of leisure-time physical activity in certain age
and population subgroups; however, higher levels of total physicalFig. 2. Unadjusted and adjusted differences between highest and lowest Walk Score® quintile
class (Canada-wide). Differences between other quintiles and Q1 non-signiﬁcant in each
difference =−0.11 [−0.18,−0.04]. Statistically signiﬁcant estimates at p = 0.05 in bold. CI
aEstimates adjusted for differences in age, sex, ethnicity, immigration, household education,
2012–2014. Remaining variables from 2007–2012 CCHS surveys.activity suggest that highly walkable neighborhoods are still associated
with a net gain in energy expenditure.
This study had several strengths. Firstly, we used a large, Canada-
wide study sample, which made results generalizable to a variety of
geographic locations, including population centers of all sizes. To date,
most walkability studies have had limited generalizability because
they have been restricted to one or two large metropolitan centerss (Q5 vs. Q1) in energy expenditure on leisure physical activity, by population center size
population center subgroup, except Q4 vs. Q1 in population centers ≥100,000 where
= conﬁdence interval, Q1 = 1st Walk Score® quintile, Q5 = 5th Walk Score® quintile.
household income, and number of children b12 in household. Walk Score® values from
Fig. 3.Unadjusted and adjusted differences between highest and lowestWalk Score® quintiles (Q5 vs. Q1) in energy expenditure on total physical activity, by population center size class
(Canada-wide). Differences between other quintiles and Q1 non-signiﬁcant in each population center subgroup. Statistically signiﬁcant estimates at p = 0.05 in bold. CI = conﬁdence
interval, Q1= 1st Walk Score® quintile, Q5= 5thWalk Score® quintile. aEstimates adjusted for differences in age, sex, ethnicity, immigration, household education, household income,
and number of children b12 in household. Walk Score® values from 2012–2014. Remaining variables from 2007–2012 CCHS surveys.
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and geographic diversity allowed us to performwell-powered subgroup
analyses by age and population center size. Furthermore, the large sam-
ple and detailed socio-demographic information in the CCHS enabled
the inclusion of many variables, which is important given the multifac-
eted nature of relationships between walkability and physical activity.
Lastly, we used the Walk Score® metric, a walkability measure that is
uniform across Canada, the United States, and Australia (Anon, 2012).
This was an important strength because systematic reviews have
noted wide variation in methods used to assess the built environment,
which greatly restricted their ability to synthesize results from different
studies (Saelens and Handy, 2008; Frost et al., 2010; Owen et al., 2004).
If future studies use uniformmeasures such as theWalk Score®metric,
this may allow for meaningful meta-analyses that can be used to gener-
ate stronger conclusions (Ding et al., 2011).
Our ﬁndings were consistent with previous research that has identi-
ﬁed positive associations between characteristics of walkability and
transport walking among working-age adults (Grasser et al., 2013;
Sugiyama et al., 2012). Our study extended these ﬁndings to children
and older adults, as well as small and midsize population centers
through our subgroup analyses, indicating that the association with
transport walking may exist in all age groups and population centers
of all sizes.
Our ﬁndings suggest that walkability may be inversely associated
with leisure-time physical activity in certain subgroups, which has not
been commonly reported in the literature (Van Holle et al., 2012;
Sugiyama et al., 2012). We therefore included transport walking as an
independent variable in the regression models of leisure physical
activity to investigate whether a compensatory effect existed, whereby
individuals who walked more for transportation did less leisure-time
physical activity. We found that the inverse associations with leisure
physical activity existed independent of transport walking. Perhaps in
large population centers and among young adults, certain features of
walkability are related to more time spent on inactive leisure-time pur-
suits such as going to restaurants and bars (one of the Walk Score®
amenity categories), and less time spent on leisure-time physical activ-
ity. Our study used aggregated Walk Score® values that combined all
components of walkability, but future studies could use disaggregated
scores to tease apart the unique inﬂuences of different components of
walkability.
Interestingly, associations observed between walkability and
leisure-time physical activity in small population centers contrasted
with those observed in large centers, with small center residents in
themost walkable neighborhoods expending signiﬁcantly more energy
on leisure-time physical activities than those in the least walkable
neighborhoods. One possible explanation is that social norms underlying
leisure-time activities may differ between small and large populationcenters, resulting in the observed difference. Additional research should
further investigate walkability and leisure-time physical activity, includ-
ing how associations may differ by population center size.
Associations between walkability and total physical activity were
only observed in certain populations, pointing to effect modiﬁcation by
variables such as age and population center size. Additionally, adjusting
for socio-demographic characteristics changed some associations from
inverse to positive, indicating that socio-demographic variables may be
signiﬁcant confounders. Such evidence of effect modiﬁcation and con-
founding suggests that mixed ﬁndings in previous studies may have
been due to socio-demographic differences between study populations
(Grasser et al., 2013; Sugiyama et al., 2012; McCormack and Shiell,
2011; Ding et al., 2011). The positive associations observed between
walkability and total physical activity in respondents aged 30–64 and
residents of the largest population centers appear to be driven primarily
by transportwalking, especially in population centers of 100,000 ormore
where inverse associations were observed with leisure-time physical
activity. On the other hand, positive associations with total physical
activity observed in population centers of 1000–29,999 appear to be
due to both transport walking and leisure–time physical activity. Further
research should attempt to disentangle the unique relationships
between walkability and different types of physical activity in various
sub-populations, ensuring adequate control of other variables that may
confound or modify these relationships.
Study limitations
Our study had several limitations that should be considered when
interpreting results. Firstly, while walkability was assessed objectively,
the physical activity outcomes were assessed through self-report and
were at risk of information biases such as recall bias (Stone and
Shiffman, 2002). For instance, it has been shown that people tend to
overestimate the amount of physical activity they engage in (Boon
et al., 2010; Nicaise et al., 2011). We were also limited to evaluating
physical activity for transportation or leisure, as occupational and
household physical activitieswere not assessed in the CCHS. In addition,
some CCHS data were collected as early as 2007, so there was a
timespan of up to ﬁve years between assessment of physical activity
and assessment of walkability for some respondents. For most respon-
dents, we expect amenities and street networks did not change enough
to place them in a different Walk Score® quintile; however, areas in
decline or those undergoing rapid urban renewal or development may
have seenmore substantial changes over a short timeframe. Additionally,
the study designwas cross-sectional, which limits our ability to comment
on the temporal relationship of the observed associations (Saelens and
Handy, 2008; Hoeﬂer, 2005). For example, associations with transport
walking may be observed because people who are more likely to walk
179J. Thielman et al. / Preventive Medicine 77 (2015) 174–180for transport have chosen to live in neighborhoods that are more con-
ducive to these activities. Finally, our estimates may be confounded by
unmeasured variables such as neighborhood safety, neighborhood
esthetics, weather, or climate.
In addition to the aforementioned limitations, it is important to con-
sider the generalizability of our ﬁndings.We excluded rural residents to
avoidmajor inaccuracies in assigningWalk Score®values to rural postal
codes. We also excluded respondents who did not work or attend
school because the survey questions about transportation physical ac-
tivity focused on active travel to work or school. While these exclusions
improved the internal validity of our results, our ﬁndings are not gener-
alizable to rural residents or people who are retired, unemployed and
on vacation. Canada's demographic proﬁle should also be considered
when interpreting results. For instance, generalizability to populations
with higher proportions of non-white ethnicity and lower proportions
of households with a post-secondary graduate may be limited.
Conclusions
Presently,manypublic health policies that address the built environ-
ment take a one-size-ﬁts-all approach to increasing physical activity.
Such policies and position statements assume improved walkability
will beneﬁt the population by increasing transport walking, thereby
increasing total physical activity (Killingsworth et al., 2003; Anon,
2011; Anon, 2014). However, the relationship between walkability
and physical activity is complex, and these policies may not have the
desired impactwhen leisure-time physical activity is considered, partic-
ularly in certain age groups and population centers. Our results suggest
that while transport walking is consistently higher in more walkable
neighborhoods, leisure-time physical activity is actually lower in certain
populations, and total physical activity is higher in some populations
but not others. If future longitudinal studies corroborate our results,
policy makers in public health and urban planning should account
for differential relationships between walkability and various types of
physical activity, whichmay differ according to age and population cen-
ter size. Additionally, physicians and other primary care providers may
wish to consider neighborhood walkability and population center size
along with age when counseling adults towards achieving Canadian
physical activity guidelines.
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